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THESIS  of  0.  .;:-,  3hano  in  partial  fulfillment  of 
requirements  for  the  degree  of  Doctor  of  Philosophy. 


Part  I.   -         OF  THE  CIAoS  H  3 

part  LI.  F-'v     .   .-11  2HB  oPBCJEiA  OP  CJASS 


GIFT 


Bart  !•  The  Nature  of  the  Class  §  Spectrum 

Introduction 

Stellar  spectra  which  are  relatively  faint  in  the  more  refrangible  region 
and  v&iioh  are  characterised  by  an  absorption  band  extending  from  474QA  to  about 
4650A  are  designated  in  the  Draper  Classification  aa  Class  K  spectra*  When 
examined  with  high  diapers  ion,  these  spectra  are  found  to  contain  great  numbers 
of  absorption  lines  9as  well  ao  hundreds  of  apparent  bri$it  lines.  Ho  otlier 
stellar  spectra  show  so  ijany  bright  lines  .In  appearance,  the  stars  of  Class  5 
are  distinguished  by  their  orange  or  ruddy  color,  due  to  tlieir  relatiTe  weakness 
in  the  blue  and  violet  lif  jit.  '£hey  are  the  reddest  stars  known,  not  infrequently 
Imvinr,  color  indices  as  large  as  foAr. 

2ho  Qiaos  .1  stars  form  a  branch  in  the  main  spectral  sequence,  being  most 
closely  related  to  the  Class  K  stars  through  Class  E*  O&ey  seem  to  terminate 
the  branch,  for  no  spectra  which  can  be  considered  a  continuation  beyond  the 
Glass  s  stage  have  yet  been  discovered.  Sfhis  fact,  combined  with  their  ruddy 
color,  suggests  that  the  Class  U  stars  are  relatively  cool  and  have  nearly 
reached  the       f  final  extinction,  we  seem  to  be  dealing  with  the  coolest 
:ssible  to  direct  observation.  It  followsfthereforetthat  Iteir  study 
is  of  particular  isrportance  in  determining,  the  course  of  stellar  evolution. 

Hie  purposes  of  the  present  investigation  are* 

(1)  2!o  determine  the  chemical  elements  present  in  tke  Class  K  stars. 

(2)  So  study  the  relation  of  the  lines  identified  with  those  of  the  various 
temperature  classes,  and  with  enhanced,  sun-spot  and  Aorionis  lines. 

(3)  2?o  obtain  evidence  bearing  on  the  character  of  the  apparent  emission 


. 


(4)  5JO  iaake  a  study  of  the  abso      bands  ,n  t^ese  a  tars* 


(5)  £o  investigate  the  relation  of  the  Class  H  and  Class  E  spectra, 

(6)  I'o  correlate  the  observational  we.     i  in  a  general  conclusion  as 
to  the  probable  physical  condition  in  these  stars* 

Previous  investigations 

Class  II  of  the  Draper  Classification  is  identical  with  Seeehi's  Fourth 
3?ype.  SQCchi  was  the  first  to  study  the  spectra  of  stars  of  this  type,  and 
although  only  a  few  were  bright  enough  for  him  to  observe,  he  laeasured  the 
positions  of  their  characteristic  bands  and  identified  them  with  b  nds  produced 
by  cafebon.  His  measures  were  rather  inaccurate,  but  his  conclusion  regarding 
the  origin  of  the  bands  has  been  asiply  eonfitmed  by  subsequent  observers.  Visual 
observations  by  Dunerl  and  7ogel  and  photographic  observations  by  Hale,  lllenaan 
and  Parkhurst  have  left  no  doubt  tha      bsorption  bands  refered  to  belong 
to  the  Swan  spectrum  of  carbon. 

Astronomers  ^.<L    ;     fferont  o  iaions  regarding  the  presence  of  the 
emission  linos  1:.     spoctafca  of  tlie  Glass  I  stars.  VogelS  and 


observino  visually,  were  unable  to  detect  any  bright  linea*  Dantr  t  Keeler  and 


saw  them  quite  distinctly  and  they  are  a  prominent  feature  of  the 
ctrograsis  obtained  by  Hale,  ];llenaBn  and  ParMiurstl  The  latter  observers 
concluded  ti.at  the  bri^it  lines  o#  their  3|>ectrograB»  were  due  to  emission, 
and  they  presented,  a  number  of  strong  arguments  in  suoport  of  this  view. 
other  evideiice  w!iich  tJ.xoy  obtained  may  be  loentioned  tiie  stiarpness  of  the  lines 
and  the  fact  that  the  absence  of  a  maraber  of  iron  lineslfrom  the  absorption  spectrwi 
could  readily  be  accounted  for  on  the  asstenption  of  overJ          lines. 
2hey  were  unable  to  identify  any  f  the  kt     lines  except  the  hydrogen  line 
H/3  which  appears  in  a  f*w  of  the  stars.  -Biey  noted  ti.at  iu  the  spectrum  of 
£80  Schjellerup,  H  A  undergoes  variat.  fcness. 


Q 

The  work  of  Hale  ,13  Herman  and  ParMiurst  is  by  fax  the  most  complete  and 
comprehensive  study  of  the  Class  N  stars  that  has  been  made*  Eheyr;  were  , 
unfortunately,  not  able  to  nvestigate  the  less  refrangible  portions  of  the 
spectrum  satisfactorily,  because  effective  methods  for  reader  ing  photographic 
plates  sensitive  to  the  longer  light  vvavea  had  net  been  developed  at  that  time* 

addition  to  their  study  ef  the  bright  lines,  they  investigated  the  absorption 
spectra  of  the  Class  3  stars  and  identified  a  large  number  of  the  absorption 
lines  with  lilies  of  .Jiowa  substances;  notably, 


iron,  chromium,  titanium,  nickel  and  aanganeae*  Their  me  sures  confirmed  the  presence 
of  carbon,  bot/i  in  the  state  corresponding  to  the  Swan  spectrum  and  in  combi- 
nation with  nitrogen  to  form  cyanogen.  Although  the  correspondence  with  sun-spot 
spectra  was  not  exact,  it  mis  found  that  many  lines  widened  in  sunspots,  are 
prominent  in  the  Glass  I<  stars*  A  close  resemblance  between  the  spectra  of 
0  las  sea  M  ao*t  H  was  noted,  and  from  this  the  authors  concluded  that  the  two 
types  of  star  3  should  be  "classed  together  as  coordinate  branches  leading  back 

to  the  sun.w 
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.to  rec     jr.  Hufus  has  proved  the  existance  of  a  s  >ectral  sequence 

leading  from  the  stai*s  of  tl-e  solar  tyye  tlirou^i  the  Class  II  stars  to  Class  H. 

Apparatus 

Several  opectrograxihs  v/ere  used  In  tlus  investi(^ation.  COhey  are  briefly 
deocriboc  below  and  will  hereaft  refered  to  by  nuraber» 

l.A  ^pj'ism  instrument  sot  for  mnicKUB  deviation  at  D.Camera  16-inch; 
D  central;  linear  dispersion  (r)  at  P  s  40A  per  nnu  plates  measureble 
from  550QA  to  6550A. 

2.Spectrof^raph  1  with  Hot.  set  centmal  on  the  plate,  r  at  E*  2  64A  r-er 
plates  measurable  from6950A  to  6450A. 


$•  Spectro^raph  1  with  a.  32-Inch,  camera  substituted,  for  Jblie 

D  central;  r  at  I)  S  2QA  per  on* 
4,  A  3-prism  instrument  set  for  ainiimua  deviation  at  H/j  »  Oaaera  16-inch; 

H  £  central  5  r  at  Hj  R  2QA  per  ram.  Plates  measurable  from  45QOA  to  500QA* 
5«  A  l~prisia  instrument  set  for  mniiaum  devaatioix  at  D»  Casaora  ISoinch; 

B  central;  r  at  ])  -  U)&  per  ma*. 

G«  Speetrograph  5  with  a  6-inch  aa&era  substituted  for  tbe  16-incli» 
?•  iBie  large  quarts  speetrograph  describodby  Mr*  Wri^it  ta  Lids:  Obs,  Bal«, 

Ho  £91.  Used  ia  its  olitless  adaptation. 

Spectrograph  ?  was  used  in  connection  with  the  Grossloy  reflector*  She  others 
woro  attached  to  tloe  L  -   .  refractor, 

Seed  50  piatos  were  used  for  the  exposures  made  witii  speetrpgraphs  4  and  ?• 
All  the  otlier  e^posiirod  were  xaade  on  Seed  plates  sensitised  by  means  ef  Wallate* 
three  dye  fommla.  For  t;iis  purposz  2?«e  were  iised  in  1917  and  2S*s  after  that 


tiiae.  It  V&&  my  e3Q>erieno«  that  tiie  bathes2i>  plates  were  a*  least  as  fast  as 
the  £7*st  possessed  a  much  finer  grain,  and  were  not  so  liable  to  chemical  fog* 


For  a  few  of  the  later  plates  hoiaocol  was  omitted  from  the  sensitising 

fi!his  resulted  in  a  aij,     oera!  increase  in  speed  without  appreciably  altering 

the  relative     tivity  of  tiie  i  lates  to  the  different  pofctioas  of  the  spectium* 

Obsei'vations 

2he  brightest  two  Class  l?  stars  in  the  northern  hemisphere,  15  S  Sch^ellerup 
and  19  piscii.     o  selected  for  detailed  study*  It  was  Decided  to  limit  the 
invest!          osc  portions  oi'  tween  4700A  aaid 

JA^ia  the  piiotograpoie  region  and  botwoen  55  ;OA  a^d  6950A  in  the  visual  region* 


In  the  ph  toeraphia  region  of  the  spect:  um  the  most  conspicuous  feature 
is  the  carbon  absorption  band  beginning  at  4738A.  and  gradu  11#  fading  out 
toward  the  violet*  On  the  r>latef  of  19  Piscium  several  of  the  secondary  heads 
of  the  absorption  bands  are  visible,  but  in  152  Schjellerup  the  general  absorption 
is  so  great  that  they  are  entirely  blotted  out.  Ehe  continuous  spectrum  in 
the  photographic  region  of  both  stars  is  interrupted  by  a  great  number  of  absorp. 
tion  line*  and  appears  to  be  overlain  in  places  by  Huzaerous  bri^at  lines. 

A  sir  iking  feature  in  the  visual  |gegi on,  also*  is  the  profusion  o*  absorption 
lines»aboiit  three-hundred  having  been  measured.  In  addition  to  the  absorption 
lines,  there  is  about  an  eoual  number  of  apparent  bright  lines.  33ie  result  is 
that  many  parts  of  the  s  ectrum  present  an  appearance  of  alternate  bright  and 
dark  linos  crowded  so  closely  together  that  the  continuous  spectrum  is  either 
invisible  or  is  onl  seen  through  occasional  spaces  between  the  absorption  lines. 
•Biese  effects  introduce  considerable  uncertainty  in  the  ptoper  choice  of  lines 
for  raeasurmint  and  in  the  correct  interpretation  of  the  real  nature  of  the  lines. 
'Hhero  is  no  iuestion*  however,  as  to  the  reality  of  the  stronger  absorption  lines, 
especially  aince  many  have  been     ifisd  with  known  substances*  (Die  absorption 
spectra  of  the  two  stars  in  the  visual  regienfriffer  in  tany  details.  In  152 
Sehjellerup,  beginning  at  6500A  and  proceeding  toward  the  red,  the  spectrum  is 
blank  v/ith  the  exception  of  a  few  bright  lines  until  the  head  of  the  carbon 
absorption  band  at  563SA,  is  reached,  v/hen  the  contioaous  spectrum  abruptly 
becomes  visible  an  can  be  followed  as  fsar  into  the  red  as  the  plates  retain 
appreciable  sensitivity; i.e., to  aoout  G950A.  In  19  Piscium  the  absorption  to 
the  violet  c      •-,  is  less  coiqplete*  Several  of  the  beads  of  tlie  lawan  spectrum 
are  herr  vioible,  while  in  152         p  the      urn  is  almost  entirely 
blotted  out  by  the  absorption.  Pigs.    illustrate  the  ieaeral  cbfcractcr  of  the 


lates  selected  for  laeasrunoent  were  secured  with  spectrographs 
and  4,  !2he  wave-lengths fchai;    , iatensitiesand  identifications  of  the 
recorded  on  the  spectrograms  are  given  in  Table  1X1*  She  wave-lengths  of  the 
lines  in  both  ctara  depend  upon  measures  of  at  least  two  plates  in  each  potion 
ofi  the  spectrum  except  in  th  case  of  19  Piscium  between  the  wave-lengths 
655oA  and  6950A,  Vhwre  only  one  late  was  available*  Unfortunately  the  wave- 
lengths  derived  from  this  plate  show  a  systematic  error  of  +0*SA,  ctae  probably 
to  some  instrumental  defect* 

A  speeti'     of   Orionis  (Class  Ma)  was  obtained  with  Spectrograph  5 
for  purposes  of  com  aria  on  with  Glass  I  spectra*  It  was  underexposed  but  roeasur- 
able  i          ot  of  the  region  from566QA  to  6500A*  5?hG  ?/ave«. lengths  derived 
from  measures  of  this  plate  are  given  in  !Pable  IV»On  account  of  the  under- 
exposure of  tu  spectrogram  the  list  is  not  coranlete,  but  it  contains  a  suffi- 
cient number  of  lines  to  ;jake  it  iiseful  for  a  corjparative  study  of  the  two 
ty_  es  of  stars* 

Identification  of  the  Absorption  Lines* 

Zh     tific^tio  lines  presents  a  number  of  difficulties* 

ttfoen  there  are  a  ;.reat  I:®Q;  lines,  it  is  possible  to  find  a  large  number  of 
accidental  coincirlences  with  lines  of  toaown  substances*  Bnless  proper  precau- 
tions .  thla  is  £-.         to  erroneous  identifications,Furtherniore> 
if  the  apx^arent  bright  lines  are  actually  due  to  gasenus  emission,  they  will 
in  may  cases  serve  to  conceal  absorption  lines  which  we  should  otherwise  expect 
to  see*  In  this  investigation  the  following  method  of  iuentifieation  has  been 
adotecd* 

It      acided  that  from  47  A  to  4950At  a  difference  of  '^»2A  or  less 
between  a  laboratory  v/ave-length  ana  a  v/aveo  lengtk  as  laeMrured  in  the  star 


should  constitute  as  coincidence,  tfrom  5500A  to-     .,  the  limit  was  0.3A, 

from  6000A  to  64QCA,0.4A,  and  f;      OA  to  6950A*  0.5A.  Ehese  limits  were  deter- 

rained  f  ,  o:n  a  careful  study  of  the  agreements  between  wave-lengths  measured  in 

the  fc/o  stars.  Having  defined  exact  ly  what  was  laeant  by  a  coincidence*  it  became 

possible  to  compute  the  proportion  of  the  lines  of  any  substance  f&r  which 

we  should  obtain  accidental  coincidencesiwith  lines  in  the  Glass  H  stars.  2he 

excess  of  coincidences  over  the  number  attributable  to  chance  was  regarded  as 

measuring  the  probability  of  an  element's  occurrence  in  the  stars.  When  this 

criterion  indicated  the  probable  rcaonce  of  an  element*  the  coincidences  obtained 

were  further  examined  in  order  to  determine  whether  they  occurred  principally 

among  one  class  6f  lines  such  as  low  t>Mrperaturef  enhanced  or  sun-spot  lines* 

If  .  this  was  foun<  to  be  the  case,  the  resence  of  the  element  was  thereby  further 

substantiated. 

In  the  course  of  this  investigation  the  following  elements  have  been  iden- 
tified; carbon,  hydrot  en,  iron,  tita&ium,  vanadium,  chromium,  sodium,  manganese, 
calcium,  scan  ium  and  yttrium.  All  but  the  last  two  we  e  identifieu  by  Bale* 

">^^*^/W«-*<lA>^>A. 

onaan  and  Parkhurst.  2he^  obst-iifved  lines  of  nickel  ano  xoanganc&e  in  the  Class 


N  stars,  but  on  iay  plates  the  evidence  for  nickelpls  very  slight,  and  there  is 
no  indication  of  the  presence  of  uiagnesium.  She  latter,  however,  Is  to  be  ex- 
pected since  no  prominent  niagaesiura  lines  fall  within  the  regoin  covered  by 
the  spectrograms  studi          r/osti      ,  I         to  th,  above  ele- 
iaants  ,  laiithiinum,  barium,  cadmium  and.  zirconium  are  probably  presenj;. 

The  details  of  t,ho  identifications  ai'e  give^  below. 

Hydrogen.  I±o  hydrogen  liaes  were  bse:^      3.         i*up  or  in  I 
Piscium,but  a  number  of  plfctes  of  otlier  Class  II  stars,  taken  with  spectro^aphs 
5,      7,  recpeded  bright  hydrogen  lines*  These  plates  will  be  described 


in  part  II  .Hale,  -Herman  and  parkhurst  found  H  and  H  as  absorption  lines  in 
19  Piseium. 

Iron.  She  enhanced  lines  o  iron  do  not  appear  in  these  stars,  but  the 
low  temperature  lines  are  prominent*  Table  I  illustrates  this* 

Table  I 

Coincidences 

Oterarp.  Class     Ko.  of  lines*    Average  int.       152  Schj.      19  Piac.  Acci 

dental 

T  10  10.3  3  3     1*4 

17  6  10.5  1  1     0.9 

III  10.5  8  9     3*6 

II  and  U  4  12.5  2  2     0*6 

The  first  column  contains  King*  si  temperature  classes,  The  lines  appearing 
at  the  lowest  t  qperatures  eorriprise  Glaoa  I.  la  the  second  column  is  given  the 
number  of  lines  in  ©acli  Class.  In  temperature  Classes  V  and  17  only  the  lines 

A. 

recorded  by  king  as  8  or  brighter  have  been  included.  2ae  purpose  of  this  was 
to      ,o  average  intensity  in  the  arc  for  Class  7  and  17  e  aal  to  that  for 
ClasG  III.  ColuKti  three  contains  the  average  intesaaties  of  the  lines  considered 
in  each  class.  lafke  fourth  and  fifth  columns  are  tabulated  the  numbers  of 
coincidences  with  152  Schjellerup  and  19  Piscium  respectively, and  in  the  sixth 
colujnn  #ire  given  ;.he  number  of  accidental  coincidences  we  should  expect  in  each 
star*  There  is  evidently  a  pendency  for  the  coincidences  to  occur  among  the 
low  temperature  lines. 

titanium  and  Vanadi.ia.  Witl  tae  exception  of  carbon,  these  eleiaents  are  the 
most  prominent  in  the  Class  K  stars.  In  the  case  of  each  element  over  half  of 
the  strAngest  fifty  arc  lines  to  the  violet  of  6400A  are  represented  by  absorption 
lines*  It  is  " impessible  to  make  a  satis$actory  comparison  of  the  star  lines  with 
King's  ieiaperature  classes,  because  in  the  region  of  the  speetru;  studied  ,  the 
iporatuic  liuos  of  these      .GS  are  nearly  all  quite  faint  in  the  arc. 
.  enhanced  lines jhoT/ever,  are  not  present  arao-  :s. 


A. 

Chromium.  *he  strongest  chromium  lines  do  not  occur  in  the  nations  of  the 
spectmra  studied  in  this  investigation, "but  there  are  onou-;u  coincideneea  with 


the  lines  available  to  identdfdefitfitelr  chromium  ±n  these  a  tars.  Between 


4700A  aixl  4980A  practically  a  1  the  strongest  arc  lines  of  chroioium  are  repre- 
sented by  absorption  li^es,  but  in  the  visual  region,  the  correepondence  is 
not  so  satisfactory  ,  several  of  to  stronger  ehromiuia  lines  apparently  being 
concealed  by  overly  i^  bright  lines.  Aa  in  the  case  of  titanium  and  vanadium, 


the  material  is  not  suitable  for  a  comparison  with  Hing's   temper  ature  classes. 
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The  ten  enhanced  lines  in  the  photographic  region,  a*  given  by  Lockyer  ,  do 

not  appear  in  these  stars* 

Sodium.  In  addition  to  the  I)  lines,  there  are  three  other  prominent  linos 
of  sodium  present.  She  D  lines  are  very  broad  ami  heavy,  being;  about  3  A  wide 
in  152  iSehjellerup  and  4A  wide  in  19  Piacium.  In  no  other  spectral  tpye  do  the 
sodium  lines  have  nearly        .sity  shown  in  the  Class  H  otars.  In  one  star, 
E  CYgni,  Mr.  V,ri    ^  obseived  greatly  hroodened  sodium  lines.  Ehis  star,  hov/ever, 
doea  not  correspond  exactly  witk  any  particular  spectral  class,  but  resemble* 
ioro  t  :.-a.!i  any  oth.&T  the  Olaaa  Hid  stars. 

Manganese.  Of  the  sevens  tron{  vest  arc  lines  of  manganese  in  the  region 
4740A  to  4980A,  four  are  represontc        Jlass  I  atars  and  two  of  the  remaining 
three  are  accounts      y  blonds.  In  the  visual  region  there  are  three  out  of 
a  ;  ossible  six  coincidences,  the  unrepresented  liJies  be  in^,  however,  the  three 
strong  iaagneaiur.1      at  G022A,  6012A  aad  601^A« 

Calcium.  Hale,         and  Parkhurst  we  e  able,  by  giving  a  very  long 
ex  -oauif©,  to  photograph  the  I  M    line.3  aiid  the  line  at  4227A  in  19  iiscium. 
/  interpreted  the  g;reat  intensity  if  •     %s  indicating  a  lew  temperature 
in  the  atar.  I  mau.e  an  attempt  th  >hotograph  the  H  ana  :  lines  in  the  a  .ectrum 
on  the  Class  IT  star  132  3eh$ellerup,(U  Hydrae),  usin^;  for  the  purpose,  spec- 
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toograph  7*  Although  the  exposure  was  thi  ty  times  as  lon^  as  was  nsces*  ary 

to  obtain  the  region  about  Kfi  ,  it  \/as  not  Ion;;  onou/jh  to  shov;  the  Si^ectrum 

in  the  neighborhood  of  H  and  K»  £h<       r.27."  a  pears  imich  "broadened  on     late, 

The  calciun  lines  are  not  prominent  in  those  portions  of  the  spectrum  of  152 

Schjeilerup  and  19  Pisciuni  studied  with  high,  dispersion. 

Candida.  The  presence  of  scandm      e  Class  N  stars  is  w»ll  estab* 
lished.  Of  the  ten  strongest  scandium  li*;     ah  by  Fowler  ,  there  -  re  coin- 


cidences  for  seven  in  19  iscruxa  and  an  eighth  i^  represented  by  an  absorption 
line  waich  falls  joist  outside  the  coincidence  liiaits»  In  152  Schjellerup  there 
are  four  coincidences*  The  prominent  scandium  lines  at  474410A,  4415.  7A  and 

..JA,  are  all  10  resent  d  atnong  the  absorf.tion  lines  measured  by  Bale, 
Ellcriaan  and  parkhurst.  The  pronilnent  enhanced  lines  at  5658A  and  56^A  are 
not  found  in  these  stars* 

.  f  the  eight  atroii{:eat  lines  between  4740A  and  489CAt  four  are 


reprea©nte<l   in  1  itun  and  three  of  the  ren»iroiac|\are  accdtmted  for  by  ab- 

sorption lines  falling  ;jiiat  outsile  the  coincidence  limits.  p4ve  out  of  the  ten 
lines  in  the  photographia.  region  not  include.  $  /neasures  are  coincideat  with 

absorption  lines  aie  by  Hale,    'Herman  and  Partdiurst.lOie  r&Kiainftnt:  lines 

are  all  accotnited  for  by  blends,   the  presence  of  carbon  absorption  bands  or 
apparently  overlyin.  ,t  lines*  In  tlio  visual  region  there  is  only  one  coin- 

cidence out  of  a  possible  four.  Some  of  tlie  enhanced  lines  of  yttrium  coincide 
\7ith   the  absorption  .  -•;.-S98A,442^A  and  4900A  are  exaoqples  of 

this* 

Lanthanum*  The  number  of  coincidences  with  absor;)tion  lines  in  the  stars 

renders;  the  ideiitifiBation  of  lanthanum  quite  probable*  Of  the  thirty-eight  lines 

16 

given  as  !)  or  brighter  in  Kaysei-'s  table  of  "Hauptlinien"  ,  thei-e  are  nine 
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coincidences  with  absorption  lines  in  1£S  C-chjeilerup  and  twelve  in  19  Pisciunu 
In  the  photographic  region  there  is  a^aimilar  excess  of  coincidences  over  the 
number  attributable  to  chance,  .here  is  no  ;aaterial  available  for  a  comparison 
of  enhanced  lines,  but  the  two  chromospheric  lines  at  4740A  and  474SA  are  missing 

from  the  spectra  of  the  stars. 

Barium*  This  element  has  not  been  positively  identified  in  the  Clat;3  8 
stars, but  it  ia  probably  represented  by  a  few  absorption  lines.  Watt's  "Index 
of  Spectra",  Appendix  ?,  gives  twenty-one  barium  lines,  6  or  brighter,  in  the 
port          upectr     or  consideration.  Five  of  these  are  represented  T^y 

abeor  n  152  Sehjollerup  and  six  in  13  Pisciuau  The  number  attri- 

butable to  ciiance  is  three  in  each  star.  It  should  be  noted  that  many  of  th* 
stronger  barium  lines  are  comparatively  weafc  in  the  solar  spectrum,  and  tnat 
fhosv  iich  are  strong  ia  the  sun,  are  represented  by 

absorption  1-  um« 

Cadmium.  There  are  not 'many  lines        adioium  spectruia,  but  of  the  eight 
o  bh  absorption  lines  in  19  Piscium.lEhe  two  n*st  proa. 

inent  cadirdiuu  '..Jnc  ,     ver,  at  .5ESA  and  6426A,  are  not  represented  in  either 
star?  bu  one  c          ;>arenly  covered  by  a  bright  Hue  in  152  3eh.jellerup, 

Zirconium.  ^ic  region  four- tenths  of  the  strongest  zir- 

coniui.i  lines  are  represented  by  abaorptj      as  in  each  of  the  stars,  while  in 
the  visual  region  tho  percentage  is  three- twenty- fctrths  for  152  Schjellerup 
I  teauty-,.      i»  lv  Pisoiuaw  In  b&ta  cases  the  percentage  becomes 
larger  when  we  excluf      fainter  lines. 

•The  promi  f^are  earth      ,  scandium,  yttriuiijand  lanthanum, 

l  t2ie  Ola.::     u-sjis  rather  surprir  •    or  their  scarcity  on  the 

earth.  All  three,  3un>  ^^  scandium, in 

addit  on  to  havin;;  laany  lines  widened  ia.  suns    ,  -ias  been  identii'.      » 


of  stars  by  Loc&yer^*  It  should  be  noted  that  these  three  elements  are 
the  raae  eartfc  metals  of  the  boron 


C  mparison  eifch  Sun-spots  and  ^Orionis. 

•re  are  many  similarities  between  the  Class  :;  spectra  and  the  spectra 
of  .-vun-3-:?otsf  a  number  of  notable  differences  exist*  5?he  strongest  argument  In 
favor  of  a  connection  between  the  two  types  of  spectra  is  the  prominence  intthe 

Class  17  stars  of  the  eonspicuous  sunspot  elements*  The  seven  elements,  Ca,  Ha, 

i  R 
c,Cr,Mn,  which  according  to  Adams4-"  haro  over  fifty  percent  of  their  solar 

lines  strengthened  in  sun-spota,are  all  represented  in  the  Class  K  stars.  In 
the  case  of  titanium  and  vscfcadiuin,  the  e  is         :xuccr  that  the  sun-spot 
lines  are  those  which,  appear  prominently  in  the  stars* 

A  considerable  number  of  very  prominent  sun-spot  lines  are  missing  from 
the  Glass  I7s~tars.  r,saiaples  of  this  are  afforded  by  six  lines  of  titanium 
which  Adams  ^ivea  as  greatly  strengthened  in  s-onspots.  Only  two  of  the  lines  are 

i-esonteu  in  15/2  Schjellerup  and  one  in  19  Piscium.  'j;he  fact  that  the  three 
manganese  li      6022A,  6  17A  and  601oA  do  not  ap;  ear  in  the  Class  :;  stars 
has  alreac,y  been  iscussed*  According  to  jai  tchell-*-9  these  three  lines  are  strength- 
ened in  ami-spots* 

An  inspectio      -,ble  IV  shows  a  closo  elationship  between  c^Orionis 
and  the  Claso  II  stars*  There  are  fifty  two  c     enees  amfcng  one  huiadred  and 
twenty  seven  otOrioiiis  lines,  and  most  of  the  remaining  seventy  five  can  be 
accounted  for  by  "blonds  or  apparently  overlying;  bright  lines  in  the  Class  K  stars* 

io  Bright  Lines 

No  single  test  \vhich  establishes  definitely  the  character  of  the  bri 
lines  nas  been  found,  but  there  Is  evidence  f  ou  which  we  can  dra.v  fairly  reliable 
conclusions* 
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There  are  three  priticipal  arguments  against  the  theory  that  the  bright  lines 
axe  due  to  gaseous  emission* 

(1)  None  of  the  bgi£:ht  lines, except  those  due  to  hydrogen,  have  been 
atifiod  with  lines  of  known  substances* 

{£)  It  is  well  known  that  spectrograms  of  Class  21  stars  often  show  d-  tails 
which  at  first  sight  appear  to  be  bright  lines,  but  which  are  merely  short  sections 
of  continuous  speotruR.     an  absorption  lines.  03us  suggests  a  similar  explan- 
ation for  the  a  pearance  of  trie  bright  lines  in  the  Class  1?  stars.  In  measuring 
the  plates  it  was  frequently  difficult  to  decide  whether  to  aeasure  two  dark 

lines  or  the  narrow  bright  line  be twees  them,  and  for  this  reason  <any  of  the 

bri 
fainter  lines  measured  '  may  be  merely  portions  of  the  continuous  background* 

(3)  If  the  bright  lines  are  merely  portions  of  the  continuous  spectrum 
between  absorption  lines,  they  would  naturally  tend  to  avoid  the  positions  of 
lines  of  elements  known  to  produce  absorption  in  the  stars.  In  identifying  the 
absorption  lines,  it  was  found  that  in  nearly  every  case,  when  we  consider  an 
element  known  to  exist  in  the  Class  IT  stars,  the  number  of  coincidences  of  the 
lines  of  -     Ieiaen4vith  bright  lilies  in  t-.-.e  stars*  spectra  is  considerably 
less  than  would  be  re,;uir:^  by  a  rr.      istribution  of  the  bright  star  lines, 

illustrated  by  a  comparison  of  the  spectra  of  the  Class  15  stars 
studied, with  the  spectra  of ^  rionis,It  has  already  been  shown  that  t}     >rption 

spectr;-.  WG  u^iilar  in  the  two  types  of  stars.  A  chance  distribution  of  the 

i  *- 

bright  lines  in  the  Class  1  stars  would  require  that  there  bl*  about  thirty 

coincidences  .vith  «a)rionis  lines.  rjJh&re  are  nl;/  sixteen.  This  is  about  what  we 
should  expect  if  the  bright  lines  werejncl      o  emission* 

23iere  is  considerable  evidence  thai  the  bright  lines  are  due  to  gaseous 
emission.  The  following  ar^^anents  lc?nd  su.     i  o  this  view. 
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(1)  IT  early  all  lie  1  i  ht  lines  are  as  sharp  and.  narrow  aa  the  comparison 
lines*  Those  ew  which  are  broadened  are  easily  explainable  as  blends* 

'V 

In  fact  the  earlier  spectrograms,  which  were  taken  on  coarse*  grained  plates 

a 

than  the  later  ones,  of  ten  shov.^  broadened  bright  lines,  '#hlch  on  the  finer 
grained  plates,  were  teen  to  be  double  or  even  triple. 

(2)  A  lar^e  number  of  the  bright  lines  are  of  great  Intensity,  being  much 
brighter  than  any  of  the  apparent  bright  lines  seen  in  the  Class  II  stars. 

Ufa  should  expect  that  if  they  were  merely  short  sections  of  ctoitinaous  spectrum 
botv;          on  lines,  they  would  be  relatively  more  prominent  the  s  ronger 
the      tion.  In  the  visual  regio-  the  Class  K  stars  appear  to  suffer 
lees  selective  absorption  than  do  the  Glass  M  stars  in  the  region  of  shortefc 
wave-length,  yet  uost  of  the  bright  lines  in  the  visual  region  of  the  Class 
IT  stars  re  iiiucL      roninont  than  any  apparent  bright  lines  in  the  stars 
of  Glass  1.1.  \fliej-     consider  the  Glass  H  stars  alone»  the  bright  lines  in 
the  visual  region  are  more  prominent  than  thoie  of  shorter  wave-length, 
althou&htthe  photographic  portion  of  the  s  ectrua  of  the  spectrum  possesses 
stronger  and  more  ur       , sorption  lines. 

(2)  Certain  string  bright  lines  ^resent  on  the  plates  of  152  Schjellenzp 

t>- 
vaint  or  aboent  on  the  19  j.scium  spectrograms .and  viaa  versa; 

yet  in  nearly  a). 3.  such  cases  the  wave-lengths  of  the  lines  raeasured  in  both 
stars  a:.:-.'ee  v.'ithin  observatir        .  .lie  fev?  e:-ic options  can  be  attri- 
buted to  Mie  fact  that  the  1:1  nos  in  tlio  t?/o  stars  ai"e  actually  different. 
In  view  of  the  :narke  differences  botv      .0  absorption  spectraof  the  two 
rs  we  should  not.  expect  such  clooc  af,reeiaant  in  tlie  v/ave-lengths  of  the 
bri{iit  lines,  if  the.:;  were  mere!     t  sectioios  of  continuous  spectrum 
bouxided  by  ^boorptioii  lines. 

The  behavior  of  some  of  the.  bright  lines  with  reference  to  certain 


absorption  lines  is  significant  in  this  regard*  Some  of  the  absorption  lines 

are  very  broad  and  hazy  at  the  edges*  ifoe  I)  lines  of  sodium  are  oo  ex. 

£*!-* 
araples  of  this.  In  some  oases, however,  a  broad  heavy  absorption/\  fades  out 

gradually  on  one  side  and  on  the  other  is  limited  sharply,  apparently  by  a 

bright  line*  This  would  hardly  be  possible  if  the  apparent  bright  line^were 

n~ 
jaerel,/  a  notion  of  the  continuous  spectrum,  because  we  know  of  no  condition 

which  causes  an  absorption  line  to  broaden  and  beconw  ha«y  on  one  side  while 
it  remains  perfectly  sharp  on  the  ct aer.  2?he  lines  5745A- and  616rA  in 
1.  .iscium  are  examples  of  unsymetrically  broad  absorption  lines.  They 
are  easily  seen  in  fi£i.      • 

(5)  If  v/o  can  be  certain  that  a  particular  absorption  line  should  be  pro- 
inent  in  the  opeot  oua  ofi  one  of  the  Cla     tara  and  4f  in  the  place  of 
that  lirie  we  find  a  bright  line,  there  will  bo  no  doubt  that  the  bright  line 
is  lue  to  gaseous  emission.  Unfortunately  this  test  cannot  be  applied 
rigo:  ously  because  we  cannot  cei'tainiy  predict  the  presence  of  any  absorp- 
tion lines  ui.cept  the  D  lines  of  sodium*  Here  the  test  gives  only  negative 
results.  !n>e»e  are,  however,  a  number  of  oases  of  bright  lines  where  we 
should  reasonably  expect  absorption  lines.  ?able  II  contains  a  l:st  of 
the  more  important  examples  of  this* 

(Insert  1'able) 

The  first  aim  BGCOUO  colmaue  -planation.  Columns  three  and  four 

contain  Xing' s  arc  intensities  and  temperature  classes  respectively.  2he 
solar      ities  aro  e;ive  iii  ooluan  five,  while  column  six  containd  the 
amount  of  st:  -spots  accordinr;  to  Ilitchell.  In  colu-mis 

seven  and  eifjht  are  tabulated  t^ie  >nteiisities  in  152  Schjellerup  and  19 
piscium  of  bright  lines  having  practically  the?  same  v;ave~ lengths  as  those 


give  -  in  i      -\  coliumi«A  parenthesis  indicates  tliat  the  lino  falls 

outside  tiio  coincidence  lizaits  bat  is  sufficiently  close  to  include  tie  mere* 

length  ir»  coltuozi  one 

within  its  actual  width  on  the  v-latc  as  determined  by  the  8 lit  wioth 


photographic 

The  vanadium  line  at  C66G.39A  should  be  noted  in  particular*  It  could 
not  be  measured  on  trie  plate  of  otOricmis  because  the  plate  was  greatly 
underexposed  .          on,  "but  &t  was  measured  "by  Hale,  Adams  end  Gale 

who  ast..     it  an      ity  6  on  their  scale* 

(6)  Observations  of  certain  variable  stars  of  spectral  Class  u  are  aes- 

IT 


oribed  in  aac  !..  .  ••  -  ?-  .  On  account  of  the  faintnesr,  of  the  stars  studied 
ii  was  necessary  to  use  very  low  di3persion|  accordingly  onl,y  a  few  Of  the 
stronger  bright  lines  were  visible  on  the  spectrograms*  In  two  or  three  of 

stars  the-  i      ::;.ae  of  the  bririit  ines  vary  in  intensity* 

One  line  in  U  Og;  at  5845  »3A  showed  marked  variations* 

ihis  cs      be  in".  supposition  tnat  we  are  dealing-  with 

o« 

(7)  fxhe  absence  of  iaj.\         of  absoi      Jines  which  «e  should  expect 
bo  i'iiid  iti  the  spectra  of  the  Olass  B  stai*s  is  easily  explaint  d  if  we 
coiiisicier  the  bri--  .;.  A  v/eak  emission  line 

falling  with!        ita  of  an  abr  might  serve  tl>  conceal  the 

0     a  emission  line,  not  being  reinforced  by 

the.  Deduce      it  ens  ity  as  to  escape 

not^ec*  1-his  can        ae  relatively  few  bright  Icnea  where  e  should 
expect  to  find  al          |  as* 

.  fication  for  th4      t  lines  is  not  easy  to  explain 
but  it  slio.        tomb  err  a  number  of  bright  lines       ."lass 


lid  starstarhich  nave  not  been  iui-      d.  Nearly  all  these  lineu 

more  refrangiblf      a  of  the  specti-uia,  anu  t:,bic  le 

to  ..sake  a  co-  a-  -arisen  \vith  the  li  I  s  i;  stars.  It  \vas  \ 


that  there  mi$it  be  some  bright  lines  .a  the  visual  region  of  the  Class 
lid  stars  which  weald  coincide  with  those  of  Class  S.  Accordingly  some  spec- 
trograms of  o  Ceti  (Class  lid)  were  obtained  with  spectrograph  1  while  the 
star  was  near  maxim      -  he  H*  line  of  hydro     A  the  only  bright 
line  recorde  and  for  this  reason  no  comparison  was  possible. 
In  general  the  evidence  at  hand,  while  not  conclusive,  indicates  strongly 
tha--  are  actually  emission  lines  and  are  not  sections  of  continuous 

between  absorption  lines* 

frct  ,-ee  probably  serve  to  ctoiceal  certain  absorption 

lines  indi  *^e  at  higher  levels  in  the  stellar  atiaos^ 

pheres  than  >tion  lines.  Oa  the  other  hand»a  reference  to  figure 

sfcorcg  ;  bon  absorption  to  the  violetof  5636A,  the  bright 

lines  ecroasedJLin  number  and  intensity.  'Ehe  obvious  explanation 

is  that  t  tlon  o,:  urs  at  a  higher  level  than  that  in  which  the 

bri;  &n« 


Absor  t: 

absorpti      is  due  to  the  3-wan  spectrum  of  carbon  are  the  most 
characteristic  feature       Class  !I  spectrum.  The  groups  beginning  at 

inent,  while      "-oup  at  43C2A. 

appears  on  ParlcJiurst,  but  it  is  n6t  jo  strong 

as  the  oth3rs.  The  thr          ••tie  fir    -    at  6191A,  &IZZ\  and  6C60A 
oxp  s      ."s  b#         r  to  be  broail  a     *y  aisorp- 

tion  line-  relat        .Inapicuous  in  those  stcxs  but  in  view 

of  its  faiiitness  in  iabo   I      -.rces,         o  be  expected. 

A  rather  is  associated  with  thr?  carbon  group  beginning 
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at  -.  ',aVA«  In  13  Pisciuin  there  is  an  apparent  head  at  4745A  and  in  152  Sch^ellerup 

.  ne  latter  bam  extends  be  ond  7i*7A  and  practically  conceals  the 
apect  urn  covered  by  it.  ;n  certain  strongly  exposed  plates  of  162  Schjellemp 
obtained  by  Dr.  Moore  for  radial  velocity,  the  heads  at  737A  and  4745A  are 
visible  though  <*uite  faint*  The  measured  wave-lengths  of  the  ti^ree  heads  are 
47S7.BOA,  -CV-.  5.15A  and  4752.76A*  2he  first  belongs  to  the  3-wan  spectrum,  but 
the  oth-  is  are  not  identified*  If,  however,  we  take  the  differences  in  wave- 

o  first  and  the  second  and  the  second  and  the  third,  we  obtain 
the  values  .  *51A  respectively.  These  differences  are  constant  within 
the  errors  of  r/ieasuraent,  suggest in^  a  coram  n  origin  for  the  three  baiorls* 

aands  due  to  cyanogen  aro  also  prominent  in  the  Cl 
.orman  and  Parldiurst  obaei'vod  a  decrease  in  tlie  intensity  of 
the  cyanogen  bands  c,  -roup  II (  beginning  at  4606A  and  extending  to  about  450UA) 

JL 

with  £ir^«tter    uevo.-  t  of  the  Glasc  ii  character  is  ties*  Rufus  has  observed 

that     hese  cyanogen  bands  -.re  strc  lias  H  stars  than  in  those  of 

H  ...   2hei*e  obBoi-vatic  icate  that  the  maxlimim  intensity  in  the  cyanogen 

bands  occurs  anon;    the  early  Glass  II  stars,  2he  present  investif^tion  throws  little 
lj-gi,  r  bacause  the  h  gh  dispersion  plates     o  not  include  these  bandav 

However,  an  obaervation  of  the  third  cyanogen  tc:;roup  beginning  at.  4216A  is  of 

o  Class  H  itftims  shown  by  Dr.  ltufus'8 

by  a  plate  of  I  =     .   B»33»   -*42*S811  v/hich  1  secured 

wit  .  aot  a  of  19  Tisciuin  :-.o  pho- 

lad  by  ilale,   Kll<  .      or  on  the  plate  of  2 

(Oiissi;)  c  ,   It  is  qu.to  pi  obablo  that  this  ^TOiip  is 

absent  01  I  other  01  ,        '.tudy  of  the  behavior  o£  the 
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different  cyst:     roups  mijtit  lea;  to  a  better  tinder  standinc  of  the  physical 
conditions  in  the  stars  of  Clae     -md  H» 

Ho  other  bands  have  been  certainly  detected  in  the  Class  U  stars.  In  the 
ctrum  of  19  Piscium  a  number  of  apparent  bands  with  headsrtoward  the  violet 
-s  measured,  but  their  character  is  very  uncertain.  (The  wave-lengths  are 
;A,  66Q7A,  6626A,  6865A,  6892A  and  J9  9A»  They  could  not  be  identified  with 
&iovn  bands. 


lation  Between  the  3  tars  of  Classes  E  and  H 
c-  photographic  region  of  the  Class   stars,  r.  ::ufus  has 
liate  character  between  the  stars  of  Classes  G  aadlU 

ln*or(  er  t    I  nd  the.     .ilts  to  the  visual  region,  a  spectrogram  of  the 
Cluj         ^  -      7  ^a-s  secured  mth  sooctrograph  5.  The  s-ectnua  appears 
to  be  at  of  an  uno      loped  Cine     ar.  The  r;roups  of 

cai  6  >  5165A  and  4737A  are  not,  nearly  r.      incut 

a,  and  r  very  weak.  The 

car  Q  fips  :  ,      to  be  ccual  in  strength  v.lth  tliose 

in  the  ClasG  reduced  to  hazy  lines  they  extend 

;es  ttswar.          * 

:   ,  ._        :id  B*P.+42°2S11,  were 

with  o  rc*r  ,  -y  strong  absorption  bands  with  head* 

at  4210A,   ^CGfjA  aa--          :  ;        to  the  lack  of  a  conp;^rison  spec. 

tram,   theso  v;ave-lengths  a  ot  to  condi  erable  uncertainly,  but  they  are 

"tLtyf 

8-afficiently  accurate  —      serve         ^  the  bands  with  the  cyanogen 
having  heads  at  4:    .  ;A*The  group  at  4216A  was  ae  sured 

Jass  R  stars  by  Dr.Bufus  and  ascribed  to      on,  but  the  other  as  ha 
"been  heretofore  obsei-ve       hnowlodye* 


2he  H  ;•  .     .  a  nd  the  4227A  line  of  calcium  as  recorded  on  these  spec- 
trogmas  are  of  about  the  same  intensities  as  in  the  ClaL-s  G  stars.  2he 
intensity  of  4227A  IB  very  ouch  less  than  in  the  Class  H  stars,  19  fiscium  and 

,  .iiile  the  %  and  K  liuea  are  as  least  as  strong  as  in  19 
.  n  view  of  the  well  Icnown  behavior  of  theseelines  with  different  tern. 
peratnres,  this  is  additional  evidence  of  low  temperatures  in  the  Glass  H  stars* 

Conclusion* 

The  rnatorial  of  the.  present  investigation  enables  us  to  draw  &  uamber  of 

olusioiis  as  to  the  physical  conditions  existing  in  the  Class  N  stars,  such 

as      .'it-ore,  vapor  density  and  relative  level  of  the  various  constituents 

ir  atmospheres. 

who  evidence  indicates  a  comparatively  low  teaiperature  in  the  Class  U  stars* 
•••y  aie  ehi      iat.lcally  faint  in  the  shorter  wav a- lengths;  all  the  enhanced 

QS  are  absent;  the  low  temperature  line  of  calcium  at  4227A  is  relatively 
Btrcfog. Probably  the  zoosj  sig-nif leant  evidence  is  that  contained  in  Table  I. 

•a  of  equal  arc  intensities,  we  find,  a  larger  iiroportion  of 

coincidences  amc  -ratiire  tlian  among  the  high  tenrperature  lines, 

the  stars'  atmosphere  is  somewhat  lower  than 
vv.      ar*j   ossibly  30')0*C.  iJjifortunately,  this  estimate  is  subject  I 

.icertainties.  The  amount  of  obsei-vational  r-iatorial  used  ig  small; 

other  conditions  than  toiaporature  may  affect  high  and  low  temperature  lines 

(U&. 
differently;  the  esrperi.uental  a**a  refer  to  emission  lines  while  in  the  star* 

TTO  are  deali.        jor  t  .   .  th  these  limitations  in  mind,  we  may 
con        above  ^at  --a  provisional.  It  applies,  of  course, 

the  reversi  -stars*  We  can  r,ake  no  eati     -»f  the 

verature  in  their  ohotos;oneres.  ces  between  l^e  si>ectra  of  the 


J 


Class  Ti  s  j-tr3  aad  those  of  sun-spots  and  Glass  ii  stars  jiay  be,  in  a  lar 
aeasure,  due  to  th        •  orators  coii^itions  existing  in  the  former* 

The  v  -         .  in  undoubtedly  low  enough  to  permit 

the  existence  of  many  compounds,  whose  .    ace  we  might  detect  by  means  of 
their  absorption  sped  .  y-anogen  is      to  exist  in  these  stars  and  ,ossibly 

also.  Kufuu  Joas  eaqalainec.  the  absence  of  titaniuiia  oxide  "by 

i 

re£V.  ]3alyfs  .  slight  excess  of  4x^g«n  destroys  the 

t 

spectnjm»It  is  not  unlikely  th-  -3  enoiigh  cai'ljoa  in  the  Clat. 


stare  t  -yg'en  to  form  carbcn  .oiicxide*  Under  Ut&se  cir- 

not 

^lipiild  e:q^ect  to  obsenre  the  sj>ectra  of  any  oxides  otlic..  llian 


car;          .          ac©  of  several  ortions  of  the  .     S  spectra  in 

.;n,  especially  near  6£50A,  surest  s  a  baoaed  striictuie,  oat  1 
hav  identifioatiotisy/ith  known  band  spectra. 


.  .   aba  or  Glass  ~.  stars  indmcates  a  very  heavy 

rev  (;.-,.-...        ,  •  .  as  the  I)  lines  of  sodium  is  evidence 

of  con.  >       oat  amount  of  absorv/tiou  by  gases  in  the 

rev        or,  ho.    ,      ,ot  seeiii  sufficient  to  explain  the  faintness  of 

theoe  \      .   .        -;;tion  iu,nes  in  15^ 


are  nr  .orous  than  those  in  19  lisoium,  yet  the  Epectnaa 

of  1  violet  than  that  of  15£ 


P-J 

111  Class  Md  stai*s  n»ay  be 

prodii'  tion  a          ion  of  the  o  ter  potions 

of  the  .    the  Class  IT  stars  the  dense  atmospheres  and  com- 

paratively I  favcr  ble  conditions  for  the  formations 

of  similar  cl  rticlcs  at  hi^-h  levels*  If  these  /articles 

-^  of  -tltutiiif  blue  smoke  £.- 

tU-5 

ficiently  .  i.is  »  tre^r             -oai'lty         .bsorption  of     r-iortep 


waves  with  nt  affefcting  the  less  refrangible  portions  of  the  spect  u  i  to 

such  a  lar^o  extent*  While  this  hypothesis  has  not  iaach  foundation  in  experiment  , 

it  is  ap;  arently  nojj  at  variance  with  the  observed  phenomena. 

•The  relative  levels  of  the  eleraents  in  the  Class  K  stars  are  bast  evinced 
by  the  behavior  of  the  bright  lines*  As  previously  indicated,  the  bright  line* 
ilr  origin  above  mast  of  the  substances  producing  absorption  lines.  fhe 
carbon  absor      iowever,  seems  to  be  very  effective  in  cutting  down  the 
intensities  of  the  bri_        ,  iro':rv:;Mch  we  infer  that  it  exists  at  very 
high  levels  ^i  tli:  stellar  atmospheres.  2he  outer  polrtions  of  the  carbon 
.  jay  condense  to  for?.i  ilie  clouds  ref  creel  to  above. 

I   icture  the  probable  physical  aspect  of  a 

Clasa  B  j.-tar«  Above  tn       aiid  cool  reversing  layer  are  the  substances  pro- 
ducing the  bright  lines,      -rroundinc  the  whole  ic  an  atmosphere  eonposed  in 
part,  ;      tf  of  carbon  vapor.  It  is  possible  that  the  outer  portion  of  this 
ondensos  to  form  occulting  cloiids  v»lio3e  selective  absorption  in  the 

vo-  lengths  is  lar;  eltft  responsible  for  the  characteristic  ruddy  color 

0 
of  the     »  ith  farther  conc.onsatiOii  of  this  outer  atmosphere  through  loss  of 

:  by  radiation,  the  absorption  will  conceivably  increase  until  the  star  reacnes 
final  extinction. 


stars,     152  3c>j^ellerup  and 

I  ^rsion  in  order  to  obtain  evide:aca 

Of  the  physical  0  .  atraoophereJ. 

(1)  Ihe  foliom  L  :Tbon, 

hydro  on,  iron,       -,        .,       ,      3   .v^ese^ca  cium,  scandium 
and  yttrium.  'I'lie  .      )  of  lantjuur  ,      ,   .ilium  anuf  zirconium  is 


probable* 

(2)  "'he  low  temperafrur :  lin  f;   of  the  elements  are  prominent  in  the  Cl 
K  stars* 

(S)Shore     are  a  noraber  of  /.Titles  between  the  Gla.,s  Jfapectra    and 

the  spectra  of  sun-snots  and  Class  11  stars* 

(4)  l^icleaco  bearing  od  th?  reality  of  the  "bright  lines  indicates   th&t  they 
are  due  to  >;ca3eous  emission,  rone  of  them  except  tlie  nydro^on  lines  have 
been  identified* 

(0)rJ?he  absorption  1-Riv  Class  :•!  stars  have  been  studied*  Slic  first 

eafcl-  p  of  •  -in  spectrum  is  represented,  by  three  narrow  absorp- 

,  \vhile  the  other  four  -.-eminent*  She  cysiiOfj;en 

:  the  Class     E  stars   than  in  tlAc-o  of 
Cla?        .  of  Il-ofus  the  cyanogen  ^roup 

at  46-  or  in  the  Clc  .  tErs* 

(6)  Certain  o  probable  physical  cone  the  Class 

re  derived  froja  -;  /at ions* 
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Part  II.  Variations  in  t      -tra  of  Class  H  Variables 

Introduction 

It  won      i  natural  .:iat  s  star  whose  light  varies  by  a  factor 

five  or  ten  should  show  some  changes  in  its  spectrum  during  the  variation, 
unless  t  'is  is  effected  thi  o-.-.^'h  the  occulta^ion  of  Uio  star  by  opaque  matter* 
rJhc  lo      od  variables  of  Class  Ud  have  been  studied  with  particular  reference 
Lr  spectral  changes  by  a  number  of  observers,  notebly  3  idgreaves^,  U  bobbins  * 

T-f  A 

Plaskett13  '^rrill  .  ^.l  though.  our  knowledge  of  those  stars  is  still  far  from 

factor,  ;  .1  character  of  the  v&riat  io.ua  in  thear  Bj.;ectr3Jh.ai;  been 

.    .he  variables  of  Glass  ^  liave  not  h^etofore  been  exaaiined  in  thio 
t,ion« 

I'hc  ses  of  the  ^resent  investigation  L. 

(1     IDo  ::tudy  the  Clas»  11  variables  for  spectral  chaii];     . 
(2)  2o  correlate  an;;  variations  which  are  detected  with  the  light  changes 

in  the  stars. 

(S)  G?b  cofapare  the  spectral  variations  in  the  Class  £  stars  with  those 
in  th$  stars  of  C 


variablat  selected  fo^   observation  U  Cyf:iiit 

ES  C^        -  poris,  ..*.,  Y  0?auri,U  Camelo  ardalis,   3  Scuti  and  V  Acpiilae. 

All  th  1^-  or  seventh  raagtiitude  and 

ju^yU^v     ^ 

minima  of  --t-.  —  -      magnitudes.  On  account  of  their  faintne 

it  was  necessary  to  employ  1:  Q  photographing  the  spectr-  . 

.    j.'t  I,  was  used  for 

laOst  ,  very  few  abBOiption  lines 

can  be     :  but  some  of  ;         of  bright  linos  are  visible  on  the  plates. 


J 


*«      * 

of  so.«ne  of  the 


,  .  r-A  ^ncrri 

. 

* 

stare  were  obtai  otrograph  5* 

IB  the  piioto^rapmc  region  s:  ectro^raph  ?  was  used.  The  definition  given 

atnt:;em   is  natur«illy  not  so  good  a.    timt  given  '  ty  a  si  t 
of  the   sa,c  uiBporsion,  but  tue  »r>eeO  *«  §00^  spectrograaB  of 

of  the  el  photographie  magnitude  bei^  ontaiae-  ^aet 

ri^     Ateai  o   I  3lit  -Psctrocr^ris  attached 

iiifci     fcxlI*A»>s>  'AVgc 

to  refractors  ft 

varl<m  ,tzm  are  unaffected  by  sucH  factor        I  of  the 

a.leric  -ffccts  ml^it  causes  All  the 

light  of  one  color  to  fall  in         ^ie  not  »     at  of  ^t     uld  entor. 

^ipal  spectral  Ehanees  in  the  different  rfara  aro  tabulated  bolow. 
:ce  ,hu        ,          ,r3^  or  *it*  lou         ,  it  h»B  l>een 
to  obLQrve  o.  * 


6.7-10.8      I   .     eriod  461 

;        I       Yis-ua]  -  ictrogtoph  6 

(    Ins-. 
.-Ad  oec^ud  colivaar,  are  tabulated  the  datee  of  the  observation* 

Ml  of  the  star,  ^intensities  of  the  bri^t  lines 

,      ,iuma  five  contai 

n  y*    <•• 

widths  of  tl  •  :^eoulu,   U,e  .n.nbers 

i  ^  ssed 

•ities  U  and  ! 

ay  the 
rjlr  aich   f  sue  «>»*?. 


J 


first  tv/o  ,         .L-iaed  by  observations  takon  with 

.irch  15  anid  June  1C  of  the  same  year« 

Table  II  Photographic  liegion    Speetrcgrapk  7 

(Insert  i-able  II) 

The  arrangement  of  the  material  in  Table  II  iA  the  same  as  tJiat  in  Table  I 
with  the  exception  of  oolu  121  six.  ihe  numbers  in  this  column  serve  as  a  measure 
of  t       ./c  strongthening  of  the  spec t  um  in  the  longer  wave-lengths.  'I'hey  i 

ictral  int.      as  at  4780A  and.  4620A,  these  two 

wave  .  Chosen  on  either  side  of  the  carbon  baa/1  at  4736A. 

.9  io&g«  Period  irvegalar* 

visual  e&ion   Spectrograph  6 
(Ir.  II) 

:     octro£Taph  7 

1.9  17} 

1LJ&B32-  .1-9.7  a^-.  i-'eriod  436   ;  . 

bio  Y  on     S  ectrograph  6 

(Insert  I'able  \T) 

Tho  .     -  E«  a  plate  taken 

',foD.7.  .    ^  :.  this  '-late. 

!I?7r,  /aph  7  ^,ave  the  following;  datai 

1911;  Ocfc.  19      .  ,  lines     p|ate  underexposed 

I9r  .;;  .        .  7.7   ^  ;  int.^.. 
BJ.  -Qyf-^A          •  --  *     *   ..riod  irregular 

le  VI  Yi         i     ect  j  raph  6 
(I  I) 

h  5,  IJ  f  Oc-.   .   oes  not  shov/ 


ii  May  6  and  Get*  31,1319* 

record  .  io  not  ;r» 

Y  i'auri  ;ig#  Pfir.iod  irregular. 

lablo  711       Vif;  -octrograpk  6 

(In  II) 

)Q  plates     obtai  at;.G£rapli  7  from  Sept. 2, 1919  to  Jen.  20,1920 

do  not  js  in  '.  'O  race: 

U  C:  7»5-  9     i     .  I        'U-a* 

Tfeble  VIII  vaph  G 

e  711 I) 

,ro<;;rapli  7  fi-  9    ,    1919  tc     Jan«20t'1930 

recoecl  no  def  atral  '  *   l?he  h^'dro^en  lin  \it. 

D  Scuti  -       i -  .  .     orlod  Pi>  cLa^rs  7 

f .  om  Samll>1919  to  Ivr?.rch.  29,19 

tlie  practacilly  constant  ft1      ,  '.-;ctral 

cnanies  w  .one  of  were  record?    . 

.  -   .  .  ^  _iar 

•uti,  V  Aa  iid  not  vary  s.jipreciably  in  l^richtziess 

f  0:  ,  April  3,1    :   .  0«     t:i:it  IU  :•/.-/ ^ara  and 

varl  /phic  region. 

I'he  ;;iateriai   01  .  :.y  txteii:>^ve  to 

of  a  t 

Hi  can,  "er,  present  of  tb.o 

it  suD^ject  lificatioi,  .  data  are  - 

on  tha  GJ  octrograiaB  of  U  Cye.nl,  BS  Cy£3ii  and  P,  Leporis,  2he  obtervational 

evidence  from  t/  ary,   but  It  ,   in  nearl 


J> 


with  tho  more  complete  .vesults*  Ihe  charecteristic  variations  in  the  spectra 

are  smanarized  below. 

(1)  Hie  hydrogen  lines  are  absent  r  very  faint  at  minimum  liifctf  As  the 
atar  approaches  naxiniuia,  E*  and  H/j  appear,  followed  by  Hyt»  Eg  and  possibly  H 
These  lines  reach  their  greatest  itensities  shortly  before  lafalmnm  light.  25iey 
then  gradually  fade  out,  H$  first,  followed  by  H^  ,  H^  and  H^  ,probably  in 
the  order  named,  By  the  tiiae  the  star  has  fallen  one  or  two  ^^agnitudes  below 
maxiimvt,  all  these  lines  have  disapeareC.. 

(2}  the  J?      of  sodicua  are  broad  anu  froc^uently  blendeO.  vo^ethor* 
At  ,          ,  the;  are  exceptional!.     s  and.  gradually  becoii^  narrower 
as  t          .caches  ..laximuin.  Y/ith  the  docliiio  to  ..iini..r,a:i  they  broaden 
probabl.  1;   reatest  ¥/iu.tlj.  of  50A  tJb  100A  at.      .aa  lii-ht. 

(3)  2herc          ,v  foi1  the  spectriua  to  become  re3atively  strong 
r  dec  re-.  -  his  is  very  i.iarkec  iu  i  o 

At  o^"  II(X  is  more  tliaii  twice  as  bright,  relative  to 

•ectiniiii  at  5V   ,     iien  the  star  is  at  maxirnuu' . 

(4     crease  in  tbr     .sity  of  the  carbon  absorption,  near  maximum  light 
is  observed  i          ,  .  ecially  time  of  the  band  at  619lA» 

•ii  origin,  notably  one  at  5 845 *3A,  appear 

to  var;  .  ciic  low  Dispersion 

use-  ,  thi,-  fftet         c.  '         ;-shed. 

:  wari^        o-utliiie:    •  'Q  are  i  .al 

char  c  .j*1-  features  of 

. 

(1)  '  •  >    T    '-'i»t, 

Y      ^  ^     Hx.  • 

intense  u:;til  t]i;..  ^ 


has  fallen  one  or  two  magnitudes  ii..      cneas* 

(2)  It  io  difficult  to  observe  variations  in  the  D  linen  of  sodium  in 
the  Clast,     -srs  -jacause  t;;cy  fall  within  a  titanium  oxide  band,  which, 
in  o  C      L-ast,  varies  in  in  tensity,  producing  practically  coaqalete  absorption 
at  t»  atebbins,  however,  noticed  that  in  tuis  star,  tie  low  temper- 

ature      at  4227A  broeucnec.  as  the  star  decreased  in  brightness. 

}  ^la  titaniioa  Q     -lands  becozae  more  prcK.iinent  as  the  stars  approach 

» 
/4.  f       U,  a  relative  atreiigthening  of  the  leas 

ref,.  -.an.  i>ome  of  the  plates  vhich 

l  obta  decline  to  minimum  Demonstrated  the 

exigtc  on  48GOA-6800A* 

,  come  of  which  are  ascribed  to  iron  ana  silicon, 
tars  near  the  time  of  maximum. 
A  c  Lral  variations  in  the  Class  II  stars  with  those 

Glass  id  stars  similarity.  The  principal  features 

of     -;,riation  cor:t-        the  two  tpyc  ,   •  few  differences  in  such 
de.ail        I  *,h  of  thc  '     ^  llnos  in  th€  two  stars»  are 

co  -;ant« 

Corel 

Q  .-.-iations  iro  the  Class 

CL  ,  :on,elso,   they  are 

simil  to  protaole  t)iat  the   sain  causes 

under lyi  I  :3ses  of  4 tar    . 

-.      ,  >.  law  1  .-*sf 


ittrrr  to  explai/  o.ircs  of  the  variation  in  a  fairly  satis* 

fac          pi'liis  theory  s    sta  that  the  danse  outer  portions  of  the 
stellar  atmospheres  condense  to  fora  clouds  of  small  particles.  These  cloud* 
exercise  a  screening  effect  on  the  stars  light,  which,  if  the  particles  are  of 
the  proper  size,  will  be  ;uost  effective  in  the  shorter  wave-lengths.After  a 
time  the  imprisoned  radiation  heats  the  clouds,  causing  them  to  evaporate  • 
A  eriod  of  relatively  unobstructed  radiation  then  ensues,  after  which  th? 
form  ai,ain.  Lhe^  changes  ;aay  easily  be  --eriodjc.  errill  also  suggests  that  the 
bri      irogen  lines  .nay  have  their  origin  In  the  electrical  effects  arising 
frori          tion  of  bh€  clouds, 

A  few  of  the  observed  phenornena  such  as  the  relative  faintnees  of  It^and 

'YfU\A-A/A-*VO«  **«— 

H^  in  the  Class  Lid  stars.  a*ad  th*/\9tr*ngtJ*  of  the  eod.iura  lines       Claa.s 
ureritly  not  accc  the  "veil  theory".  In  general, 

however,  I  i  ral  variations  in  the  lon^  period 

varia-bles      r  ^  cory  tlw.i  has  been  proposed* 


.oeceed  ,.  h  variations  n  the  spectra 


(1)  A  nuuber  o$  sy  in  the  Class  H  stars  have  been 

diGcc         correlate^  v/ith  trie  l.-.^iit  changes* 
(2]      ain  features  vtione       Class  H  and  Claaa  Md 

riableb  are  similar,  froia  \vhich  we  infer  that  the  same  causes 
underlie        at  Ions  in  boi      3  of  si   .  . 

by  Merrill  explains  the  main  features 
of  tL.e  variations. 

It  is  a  }  leasure  to  express  xsy  grv.          •  Oaiiipbell  for  the  liberal!  y 
with  v,'hi»h  he  has  accorded  me  the  use  of  the  Obscrvatort>  equipment  and  to 


-J 

8 


I»r«  Paddocsk  a>iv.   oti>or  laambers  c.         o  staff,  who  secured  a  number  of  the  spec— 


Footnotes 

1.  .    .  ......  ...   ,    ,   J8. 

2.  L.O. Bull. ,2*78, 1903* 

3.  Jour.  R.A.3.  aaaadatl,45»1907. 
f.  Publ.  Detroit  Obs,tS^i 

5.  Ibid., 2,46, 1916. 
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